SUMMARY
The synovium from 11 patients with rheumatoid arthritis, who were undergoing joint surgery, was assessed using histological and morphometric techniques. Histological examination confirmed previous reports that the intensity ofthe cellular reaction varied throughout the synovium, and the morphometric method reflected this variability sensitively. The method was shown to be reproducible and allowed areas of similar cellular density to be defined. From these defined areas a total of 2 5 mm2 of synovium equivalent to 12 fields at x 250 required analysis to reflect the variation in the cellular reaction.
It would be feasible to collect this amount of material using an arthroscope.
Variability in the intensity of the cellular reaction in rheumatoid synovium has been recognised for more than 50 years.'2 Nevertheless, many studies have taken small biopsy specimens to be representative not only of the entire histological pattern of that synovium but also the disease state.?9 Clearly, important histological features might be missed in small samples and if advances are to be made in the understanding of the pathological process, enough tissue must be examined to allow for this expected variation."" '2 This study aimed to assess the minimal amount of synovium requiring examination so as to reflect the variation in the cellular reaction. Once achieved, the cellular composition of representative samples of synovium could be determined and objective changes in this composition followed up to assess progression of disease or the effects of treatment.
Material and methods
Fresh synovium was obtained from 11 patients with classic or definite rheumatoid arthritis6 who were undergoing joint surgery. The synovium was collected from the operating theatre in dry sterile pots. It was described macroscopically and immediately trimmed into between three and five blocks each measuring about 1 cm3. After fixation in formalin sections (5 microns thick) were cut and stained with Carazzi's haematoxylin and eosin.
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MORPHOMETRIC TECHNIQUES
A nearest neighbour analysis, previously applied to estimate the density of neurons,'3 was used to assess the density ofcells in a particular projected field (fig 1) . A semiautomated image analysis system, comprising an inverted Leitz microscope which projected a tissue section on to a digitising tablet, a computer, and a receiver pen, was used to record the coordinates of the points of contact between the pen and the tablet. The computer then calculated the distance between these coordinates. The system was calibrated by projecting a 1000 micron stage micrometer slide on to the tablet and a magnification factor ( x 467) was calculated. The area of the projected field using a x 25 objective was 0-28 mm2. The nuclear density was calculated from the formula described in fig 1 and was expressed as area per nucleus (An) with standard error (SE An): the more usual measure of density (nuclei mm-2) was derived from the inverse of An. The technique assumed that the cells were randomly distributed over the sampling area and that this could be tested (t.) using the described statistical method (fig 1) . The analysis was reproducible as no significant difference was observed between the range of densities when three observers independently assessed one of the synovia. Intraobserver error was not significant.
The cellular density of the whole biopsy specimen was assessed by calculating the mean density of randomly chosen fields. This was achieved by positioning the tissue with the surface of the synovial lining layer in view. The slide was moved randomly around the screen and whether the field contained synovial lining layer or an aggregate was recorded. I the "upper synovial region", defined as that part c the synovium within 0-6 mm of the surface of th synovial lining layer, including fields of view solel within villi; 2 the "lower synovial region" contained the syn ovium deep to 0-6 mm from the surface of the synovii lining layer; 3 within each of these regions were "cellula aggregates", defined as discrete collections of mor than 100 predominantly mononuclear cells. mm-2) with 95% confidence interval (CI)."4 Student's t test and Wilcoxon's rank sum test with quotient c"'5 were used to test the null hypothesis that the distribution of the calculated density of projected field between different populations was not significantly different.
As the mean nuclear density was used to describe the overall cellular reactions (XR), the representative sample was defined as the minimal number of fields whose mean density (XN) would reflect the overall density to within a per cent mean difference of 10%. Although + 10% accuracy is an arbitrary figure, it reflected the per cent mean difference of the 95% CI from the whole sample. The overall (XR) of the whole synovium or upper and lower synovial region and cellular aggregates was calculated for the accumulated data. This was compared, using the above formula, with the XN of an increasing number of randomly chosen fields (two, three. . . 15 fields) from the same sample. This analysis was performed on 10 sets ofdata and the mean ± 95% CI for each field number calculated (table 1) . The number of fields required to reduce the 95% CI to less than 10% was used to define the size of the representative sample. "p" is a point located at random within the population at issue. The distance from "p" to the nearest nucleus N, is drawn, measured, and denoted "x". A perpendicular to PNI defines a half plane on the right of the diagram. In this half plane the distance from N, to its nearest neighbour N2 is measured and denoted "y". The combined sample of x-distance and y-distances is used to estimate the mean area associated with each cell. These paired measurements (x, y) were made 10 (n) times and applied to the following formulae:
Morphmetric study ofrhewnatoid synoviu8n Morphmetric study ofrheumatoid synovium 845 tion between the synovial pathology and the degree of joint activity,34 others have shown considerable variation between different areas of the biopsy specimen.22 This study is the first to estimate the minimum amount of tissue requiring analysis to reflect the variability in the cellular reaction and so define a representative sample.
The morphometric method used had been previously applied to the estimation of neuronal density.'3`4 It was shown to reflect the varibility in the distribution of cells within the synovium. There are several advantages to this system. Firstly, large areas of tissue can be assessed quickly and reproducibly; with practice it took about 30 seconds to measure the 20 distances required to estimate the nuclear density of one field. Secondly, the analysis does not require the perimeter of the area under test to be known, provided the random points and their nearest neighbours fall within the test area. Experience showed that a planned approach to the estimation of cellularity produced the most reproducible results. The starting point for the analysis, the junction between the synovial lining layer and the joint cavity, was used, as this feature was readily identified and the division of the synovium into regions forced the observer to assess most of the synovium. Although a statistical approach has been adopted in earlier studies,2324 it was necessary to identify histological features, and these may introduce considerable bias and inconsistencies between observers.25 The present method reduced these problems so that interobserver and intraobserver errors were shown not to be significant.
Although representative sampling of the upper synovial region and cellular aggregates only was possible, it is these areas which contain the most intense cellular reaction and which can be biopsied reliably at arthroscopy. It should not be assumed, however, that if aggregates were not found in the biopsy specimen, they would be absent from the whole joint. The approximate size of each biopsy specimen collected at arthroscopy may be between 5 and 8 mm3 and as many as 12 can be taken at a time.7`' Allowing for shrinkage during histological processing, it would be expected that a representative sample of synovium would be obtained from between three and five biopsy specimens obtained under direct vision at arthroscopy. Although a percutaneous needle biopsy technique has been recommended,26 these specimens may contain only fibrin clot or fat. 27 Similarity in the density of the cellular reaction within the upper and aggregate regions was shown in individual synovial regions. The mean density of only two synovia differed significantly, and no clear differences in the clinical disease activity, biopsy site, or treatment between these two patients could be identified. These biopsy specimens were all taken at the time ofjoint replacement surgery and so represent late stage disease. Nevertheless, as the morphometric data were accumulated from several synovia they are likely to reflect the whole pattern of the disease seen in these cases.
The importance of this study is that having defined the size of a representative sample in terms of cellularity, the composition of such tissue can then be determined. Changes in cellular composition between synovia hve been recently described as a result of drug treatment,-6 2 but the results could be explained by non-representative sampling. Clearly, the objective evaluation of changes in the cellular composition is important not only in assessing drug treatment but also in analysing the progression of disease.
This study has shown that quantitation of the synovium is possible and reproducible. The method was sensitive in that it reflected the variability of the cellular reaction and differences in the synovial cellularity between patients with the same clinical disease. Arthroscopy would permit biopsy of sufficient material to allow further morphometric studies on patients with well characterised disease. Changes in the grades of severity of inflammatory cell infiltrate can now be assessed on a more objective basis'9 and the composition of the synovium as defined by monoclonal antibodies can be studied using these techniques. This would permit a more rational approach to the understanding ofthe immunoregulation within the synovium.
